A method is given for reducing the most troublesome sextupole harmonics in a ring by measuring the sextupole field in groups of magnets, and ordering them according to a predetermined prescription. The predicted result is a decrease in se7tupole related distortions by a factor [2/(J + 1)1]12 where J magnets, covering one or more betatron periods, are measured at one time. Simulations performed for typical SSC lattices confirm the expected improvements.
Introduction
The presence of unavoidable normal and skew sextupole errors in the dipoles of a superconducting ring are known to cause nonlinear oscillations in the beam size, and a resultant decrease in the dynamic aperture of the ring. Although the growth is not completely described by one or two "resonances", the harmonic description of the effect is useful in pointing out which regions of the harmonic spectrum are most troublesome. Such an analysis in first order in the sextupole amplitudes leads to the conclusion that beam size oscillation due to the nL harmonic of the sextupole error, En, are proportional to cm and inversely proportional to the resonance denominators |v -n| and |3v -nl, where the x and y tunes, vx and vy are taken to be equal to v.
If all sextupole errors are known, it is conceivable that the order of the magnets could be cho'sen so that all harmonics in broad bands around n = v and n = 3v could be made sufficiently small, thus reducing the beam size oscillations. Such "shuffling" is impractical, however, since it requires measurements on all magnets before any can be positioned. For this reason, we propose an alternate scheme for measuring and positioning J magnets at a time, which is capable of reducing the expected value of all harmonics in the troublesome band, and therefore the beam size oscillations, by a factor of order J Description of Shuffling Scheme For our analysis, we will consider a regular lattice consisting of MJ magnets, where 14 is an integer near the tune v, and where J magnet's cover an integral number of magnet focussing periods. After measuring the first group of J magnets, we will place them in an order to be specified later, correlated with the size of the sextupole error. The next group of J magnets are then mneasured and placed in an order which is anti-correlated with that in the first group, i.e., the quadrupole which is defocussing in the x direction. Also, it is desirable to alternate the signs of Thus, the sum of the squares of the harmonic amplitudes cannot be changed by shuffling. It is therefore apparent that any shuffling arrangement merely moves the sextupole harmonic content from one region of the spectrum to another. In our scheme we have depleted the harmonic content in all harmonics with n . rM/2 at the expense of enhancing the ones with n = rM/2, which cause much less sextupole distortion. In particular, the shuffling scheme suggested within a group concentrates the harmonic content into the ones close to n = MJ/2 which cause little mu-ltipole distortion.
Two Parameter Shuffling
There are circumstances where one wants to reduce two independent error families at the same time. One such example occurs in magnets with uncorrelated but comparable normal and skew sextupole errors. Another would occur in any 2-in-1 magnet assembly. A third example might be uncorrelated quadrupole and sextupole errors of comparable magnitude in a single dipole magnet.
We expect that the shuffling process outlined earlier would still work, but now one must order the errors into two parameter "bins". As a result the improvement factor is expected to be significantly reduced from that for one parameter shuffling.
Numerical Results
Simulations have been performed for several SSC lattices, including insertions. In those cases where the number of magnets in a superperiod is not an integral multiple of twice the number of magnets in a betatron period, a few of the "best" magnets are set aside for the unbalanced group, and the remaining ones distribujted according to the original prescr iption. The prescribed ordering appears to yield improvements which are in most cases as good as predicted, for either uniform or gaussian distributions.
